The effects of purified extracellular lipase from Staphylococcus aureus on human granulocytes were studied in uitro with a turbidimetric technique. Within the concentration range 06-44 pg/ml, lipase caused monophasic aggregation accompanied by the release of lactoferrin ; the corresponding concentrations of the solvent in which it was suspended, Triton XlOO, had no effect. Lipase-induced aggregation did not occur in the presence of autologous plasma.
Introduction
Polymorphonuclear neutrophil leucocytes (granulocytes) provide an important part of the host defence against bacterial infections. Pus formation is a classical sign of bacterial, in particular staphylococcal, infections. The high incidence of such infections in individuals with intracellular defects' and in granulocytopenia, underlines the crucial role of these cells. Granulocytes play an important role in the inflammatory process; their activation, and subsequent secretion of lysosomal enzymes, may contribute to tissue destruction.
Earlier studies have shown that extracellular lipase from Staphylococcus aureus interacts with human granulocytes. ' Scanning electron microscopy showed alterations in thecell surface. Lipase had a chemotactic activityper se and pre-incubation of granulocytes with lipase enhanced the directed movement of the cells. Higher concentrations of lipase caused a progressive in hi bit ion of granulocyte c hemot axis. P hagocyt ic killing of $. aureus by granulocytes pre-incubated with lipase was also reduced; this was mainly a result of reduced bacterial uptake, but some decrease in intracellular killing was also found. During these studies we observed that the lipase caused aggregation of granulocytes, This phenomenon was studied quantitatively in the present investigation.
Materials and methods

Lipase
Extracellular lipase from S. aureus strain TEN 5 was purified as described earlier;3 this strain was Received 4 Sept. 1990; revised version accepted 10 April 1 9 9 1 . isolated from a patient with toxic epidermal necrolysis, and was originally supplied by C.G. Gemmell, University of Glasgow . After purification, the lipase showed only one protein band on sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) with the sensitive silver staining technique, and only one peak of lipase activity and protein after gel filtration on Sephadex G-200. The purified enzyme preparation had a protein content of 250 &ml, and was suspended in a 0.05 M Tris-HC1 buffer, pH 8.0, with 2 M KC1 and Triton XlOO 0.3%. Heat inactivated lipase (1 OO"C, 120 min) was used in some experiments. The same buffer without lipase was used as control.
Before the experiments, all preparations were dialysed against 0.15 M NaCl. All dilutions of lipase or buffer were made with 0.1 5 M NaCl.
Granulocytes and plasma
Human granulocytes were prepared from peripheral blood donations with some modification4 of the method described by Boyurn' of centrifugation on Isopaque-Ficoll and erythrocyte lysis with NH4Cl 0.87%. The cells were diluted in Hanks's Balanced Salts Solution buffered with HEPES, as described earlier, to a concentration of 1.4 x lo7 cell~/ml.~ The same buffer was used for further dilutions to final incubation concentrations. The plasma used in some experiments was prepared from the same donor and at the same time as the granulocytes.
Aggregation tests
Granulocyte aggregation was studied at 37°C in a Chronolog 540-aggregometer with a Hitachi recorder, with stirring at 1000 rpm; 4 5 0~1 of the granulocyte suspension (final concentration 3200 cellslpl) was added to a siliconised glass cuvette. The light trans-IP: 54.70.40.11
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mission values through the cell suspension and through cell-free buffer were set at 10 and 90, respectively, on the chart scale. After equilibration for 1-2 min, 25 pl of the purified lipase preparation, dilutions of lipase, or buffer were added, and the change in light transmission from the base-line (delta LT, scale units) was recorded over the next 4 min. For the concentration-response evaluation, the change in light transmission after 4min was plotted against the final concentration of lipase and Triton X 100, respectively. In some experiments, 25 pl of lipase mixed with an equal volume of autologous plasma, was added. Tests were performed in duplicate in each separate experiment. To avoid interactions with cytochalasin B, which may amplify but also delay the neutrophil this agent was not used.
Lactoferrin
Granulocytes were incubated with lipase or buffer as described above. After 5 min, the cells were separated by centrifugation and the cell-free supernate was collected and stored at -20°C until analysed for lactoferrin as described by Olsson et aL8 All measurements were made in triplicate.
Statistical ana fysis
used for statistical calculations.
Student's t-test (two-tailed) for unpaired data was
Results
Lipase from S. aureus at final concentrations of < 0.1 32 pg/ml did not induce granulocyte aggregation; higher concentrations of lipase -caused aggregation. The addition of lipase at a final concentration of 1 -32 pg/ml resulted in a monophasic low-amplitude reaction ( fig. 1 ). The same pattern was seen with lipase concentration up to 13.2 pg/ml, which induced a biphasic, high-amplitude response ( fig. 1 ). Heat inactivated lipase gave the same reactions.
Buffer without lipase served as a negative control. When pure buffer with Triton XlOO (final concentration 0.01 6%, corresponding to the Triton content of samples with lipase 13-2pg/ml) was tested, the granulocytes displayed instant maximal, high-amplitude aggregation ( fig. 2 ). With this concentration of Triton, the change in light transmission 4min after adding the buffer was significantly greater than that caused by the corresponding lipase solution ( fig. 3 ). When the concentration of Triton was reduced to 0-008%, there was still a high-amplitude, but slow aggregatory response ( fig. 2) . At final concentrations of O.OOS% and lower (corresponding to lipase < 4.4 pg/ ml), Triton XlOO had virtually no effect on aggregation ( fig. 3 ). Thus, lipase 1.32 pg/ml (n = 5) consistently caused a greater response than the buffer at the corresponding dilution (n = 3) (p = 0-001 3) . When lipase was mixed with an equal volume of autologous plasma, to a final concentration of 6.6 pglml, no aggregation was recorded.
As an indication of granulocyte degranulation, lactoferrin was measured in supernates from incubation mixtures. Granulocytes incubated with buffer released 18 pg of lactoferrin/106 cells. By comparison with 1.32 or 13-2 pg of lipase/ml, lactoferrin release was 42 and 51 pg respectively.
Discussion
Staphylococcal lipase in the range 0.132-1 3.2 pg/ml stimulated concen tra t ion-dependen t neu t rop hi1 granulocyte aggregation. The effect had a rapid onset, and appeared consistently in each preparation of granulocytes.
It was not possible to establish a complete doseresponse curve with a maximum response to the lipase in the concentration range tested because of interference by Triton XlOO in the suspending buffer. Triton is needed to solubilise the enzyme and for the stability of the purified p r~t e i n .~ However, Triton is also known to cause disintegration of cell membranes. At a 1% solution it is employed in standard procedures for skinning muscle fibres, but even lower concentrations disturb cell-membrane integrity.' It is reasonable to assume that the second phase of the aggregatory response to the highest concentration of lipase tested (final concentration 13.2 pgfml), and the prompt response to the corresponding buffer, were due to the presence of Triton XlOO (final concentration 0.016%). However, at lower concentrations of lipase, when the corresponding buffer had little or no effect (fig. 3 ), a consistent monophasic aggregatory response was elicited ( fig. 3 ). Therefore we interpret the reaction of the cells to lipase 0 6 -4 4 pglml as true aggregation. This low-amplitude monophasic aggregation appears to be in the same range as that previously reported for leukotriene B, (LTBJ and formyl-methionyl-leucylphenylalanine (fMLP). 6 The mechanism behind the aggregatory response to lipase remains to be elucidated, but since heat inactivated lipase had a similar effect, it does not appear to depend primarily on the enzymatic activity of the protein. It could be ascribed the hydrophobic character of the protein. The finding that the length of incubation was not critical for the effect of lipase ( fig. 3 ) is consistent with a non-enzymic mode of action.
The significance of the effects of lipase on granulocytes in vivo is unclear, partly because the levels of staphylococcal lipase in the mammalian body, especially at the site of infection, are unknown. That lipase is present is demonstrated by the presence of serum anti-lipase IgG detectable by ELISA." Staphylococcal strains from deep infections produce more lipase than strains from superficial locations. Extrapolation of data on the release of lipase from such strains in culture indicates that the amounts of lipase produced greatly exceed those necessary to elicit an aggregatory response in granulocytes, Increased leucocyte adhesiveness and tendency to clump during phagocytosis have been recognised. '
Aggregation of granulocytes after exposure to C5a has been associated with degranulation and release of predominantly secondary granule contents. Because degranulation and secretion from granulocytes could interact with lipase in the aggregation process, we measured lactoferrin as a marker for activation of the granulocytes. The minimal amount of lipase, eliciting monophasic aggregation of granulocytes, produced an increased release of lactoferrin. The secondary granules, containing lactoferrin, are rapidly mobilised by activation of the cells. The amount of lactoferrin released in this experiment seems to indicate a high degree of activation. We have found that phagocytosis of opsonised bacteria released about twice the amount of lactoferrin than that produced in buffer (unpublished observations). Release of granule proteins may be of pathophysiological importance, contributing to the tissue destruction seen in staphylococcal infections. The release of lactoferrin may be essential for the aggregation of granulocytes. Lactoferrin by itself induces aggregation of granulocytes which can be prevented by anti-lactoferrin. Thus, lactoferrin may add to the aggregation induced by lipase. Lactoferrin is not likely to produce the effect alone, because aggregation does not occur with granulocytes and S . aureus. As well as lipase, other products from S. aureus may contribute to the tissue damage. Leucocidin is an extracellular staphylococcal product that has a nonspecific effect on human granulocytes, causing secretion of potentially toxic granule enzymes. l4 It is likely that pronounced aggregation of granulocytes may reduce their phagocytic capacity and interfere with host defence. Further studies are warranted to clarify the significance of the action of staphylococcal lipase on human cells.
